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An  essentially  linear  conjugated  thiourea  system  provides  wide  range  of  electronic 
properties  as  they  consist  of  rigid  n -systems  on  their  structures.  This  study  reported 
the  synthetic,  characterization  and  theoretical  evaluation  of  molecular  wire  candidate 
bearing  alkoxy  thiourea  derivative  featuring  methylbenzene  head  group.  It  was  applied 
as  dopant  in  Carboxymethyl-Cellulose  {CMC)  solution  in  order  to  form  a  conductive 
biodegradable  thin  film.  According  to  the  conductivity  result,  the  developed  system  can 
be  developed  as  electrical  conductor  as  proven  via  both  experimental  and  theoretical 
studies.  Therefore,  this  type  of  A-ArC(0)NHC(S)NHAr-D  molecular  framework  has 
opened  wide  possibilities  to  be  applied  in  many  micro-electronic  application  devices. 

Keywords  Thiourea;  carboxymethyl-cellulose  (CMC);  polymer  electrolyte;  Gaussian 


1.  Introduction 

Throughout  many  years,  thiourea  derivatives  have  been  applied  widely  in  numerous  fields 
such  as  in  agricultural  [1],  pharmaceutical  [2],  and  also  in  sensory  application  [3].  As  de¬ 
scribed  in  literature,  the  unique  properties  of  thiourea  make  it  becomes  versatile  compound 
to  be  applied  in  those  fields.  The  presence  of  diprotic  donor  groups  of  thiourea  compound 
make  it  becomes  good  receptors  for  anion  detection  [4].  Moreover,  it  has  a  high  crystallo¬ 
graphic  symmetry  to  make  it  behaves  as  a  good  ligand  in  complexes  [5],  In  addition,  the 
exploitation  of  thiourea  molecular  backbone  by  introducing  n -system  makes  it  as  a  good 
candidate  as  molecular  wires  by  making  use  of  the  electronic  properties  which  can  be  gen¬ 
erated  in  situ  at  the  molecular  framework  potentially  for  numerous  potential  applications 
[6-8], 

To  date,  the  development  of  molecular  wires  in  the  conjugated  polymer  has  become  a 
great  attention  in  order  to  design  high  capable  molecular  system  [9],  There  is  an  urge  to 
find  the  ideal  materials  in  the  form  of  membrane  applied  in  microelectronic  devices.  To  the 
best  of  our  knowledge,  there  is  no  work  has  been  carried  out  on  thiourea  moieties  to  fulfil 
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this  current  demand.  Based  on  literatures,  the  study  on  conductive  membrane  has  become 
a  phenomenon  for  researchers’  interest  to  discover  an  ideal  polymer  host  in  electrolytes 
system.  The  use  of  cellulose  as  a  polymer  host  in  electrolytes  system  has  been  reported  to 
afford  good  mechanical  properties  and  ease  to  handle  [  10], 

One  of  the  most  well-known  cellulose  derivatives  is  Carboxymethyl  Cellulose  (CMC). 
It  is  also  known  as  cellulose  gum.  CMC  is  an  anionic,  water-soluble  cellulose  ether  and 
available  in  a  wide  range  of  substitution.  CMC  is  an  abundant  and  naturally  occurring 
polymer  exhibiting  good  mechanical  properties,  renewable  and  biodegradable  [11-12]. 
However,  the  use  of  CMC  itself  as  a  polymer  host  has  achieved  moderate  results  of 
conductivity  [13].  To  overcome  this  problem,  the  use  of  suitable  dopant  in  the  polymer  host 
system  is  needed  in  order  to  increase  the  conductivity. 

It  is  a  great  challenge  for  a  researcher  to  find  a  compound  that  can  be  an  ideal  dopant 
for  CMC  polymer.  The  characteristic  of  dopant  must  be  suitable  with  the  CMC  properties 
in  chemical  and  mechanical  aspects.  As  a  versatile  compound  with  the  rigid  7r-system  on 
its  structures,  thiourea  has  a  large  potential  to  be  a  candidate  as  a  dopant  for  CMC  polymer 
host.  Thus,  the  aims  of  this  study  are  to  design,  prepare  and  characterize  novel  thiourea- 
based  conjugated  compounds  prior  to  the  formation  of  a  solid  conductive  membrane.  The 
important  of  thiourea  derivatives  in  this  study  is  to  act  as  a  dopant  in  order  to  increase  the 
conductivity  of  CMC. 


2.  Experimental 

2.1  Materials  and  General  Methodology 

All  chemicals  or  reagents  used  in  this  study  were  purchased  from  standard  commercial 
suppliers  and  used  as  received  without  further  purification.  The  infrared  (IR)  spectra  were 
recorded  on  a  Fourier  Transform-Infrared  Spectrometer,  Perkin  Elmer  Spectrum  100  in 
the  range  of  4000-400  cm-1  using  potassium  bromide  (KBr)  pellets.  Electronic  absorption 
spectra  of  the  samples  were  recorded  in  1  cm  path  length  quartz  cell  within  range  of 
200-400  nm  using  Shimadzu  UV-Vis  Spectrophotometer  1601  series  and  Carry  Varian  200 
concentration.  The  NMR  spectra  were  recorded  on  Bruker  Avance  300  ( 1 H  400.11  MHz, 
13C  100.61  MHz)  spectrometer  from  deuterated  CDCI3  solution  at  room  temperature  as 
solvent  and  internal  standard  in  the  range  between  <5h  0-15  ppm  ( 1 H)  and  Sq  0-200  ppm 
(13C).  The  solvent  and  chemical  shift  values  were  given  in  parts  per  million  (ppm)  relative 
to  solvent  resonance  as  internal  standard.  The  C,  H,  N  and  S  microanalysis  was  carried  out 
with  FLASH  EA  1112  CHNS-O  analyzer.  The  Thermogravimetric  analysis  was  performed 
using  Perkin-Elmer  TGA  Analyzer  from  0°C  to  700°C  at  a  heating  rate  of  10°C/min 
under  nitrogen  atmosphere.  Analytical  thin-layer  chromathography  (TLC)  was  carried 
out  on  precoated  plate  of  TLC  Silica  Gel  60  F254  (Merck),  and  spots  were  visualized 
with  ultraviolet  light.  While  the  XRD  patterns  were  recorded  at  room  temperature  on 
a  MiniFlex  II  diffraction  equipped  with  an  X’celerator,  using  Cu  Key  radiation  in  the 
range  of  29  =  5°  -  80°.  The  experimental  results  were  proven  by  using  Gaussian  09 
quantum  mechanical  software  package  at  the  theoretical  level  of  DFT  (B3LYP)/6-31G 
(d,p).  The  required  physical  parameters  such  as  dipole  moment,  energy  band  gap  (HOMO 
and  LUMO),  molar  volume,  molecular  radii,  Wiberg  bond  index,  bond  length  and  NBO 
charges  were  evaluated  using  Natural  Bond  Orbital  Theory  at  the  same  theoretical  level 
as  for  optimization.  Electrical  conductivity  characterization  was  determined  using  HIOKI 
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Figure  1.  Cole-Cole  Plot. 


3531  High-Tester  Electrical  Impedance  Spectroscopy  (EIS)  in  frequency  range  50  Hz- 
1  MHz. 

The  biodegradable  film,  4  was  prepared  by  the  solution  casting  technique.  1  g  car- 
boxymethyl  cellulose  (Acros  Organic  Co.)  was  dissolved  in  50  ml  of  water  whilst  in 
another  different  beaker,  0.5  g  of  3  was  dissolved  in  50  ml  methanol  with  constant  stirring 
at  30°C  -  40°C  respectively.  The  solution  of  3a  was  added  into  CMC  solution  while  stirring 
to  form  homogenous  dissolution.  The  mixture  was  then  poured  into  several  Petri  dishes 
and  allowed  to  evaporate  slowly  at  ambient  temperature  for  film  to  form.  The  bulk  resistant 
(Rb)  value  was  obtained  from  the  plot  of  negative  imaginary  impedance  versus  real  part 
of  impedance  versus  real  part  of  impedance  and  the  conductivity  (er)  of  the  sample  was 
calculated  from  Equation  (1): 


t 

Rba 


(1) 


since,  t  =  thickness  of  film,  a  =  area  of  film  and  Rb  =  bulk  resistant 

The  plot  of  negative  imaginary  impedance  versus  real  part  of  impedance  gives  the 
Cole-Cole  Plot  as  shown  in  Fig.  1 .  This  plot  is  very  useful  since  it  was  used  to  calculate  the 
ionic  conductivity  of  the  sample  using  the  Equation  (1). 

The  synthesis  of  N - d e x y I o x y phenyl- N ’  - ( m e t h y I  b e n z o y I )  thiourea  (3)  derivative  in¬ 
volved  several  continuous  reaction  which  were  /V-(4-(decyloxy)phenyl)  acetamide  (1)  as 
precursor,  and  4-decyloxy  aniline  (2)  as  intermediate.  For  1  and  2,  the  synthetic  work  and 
analytical  characterisation  have  been  reported  in  previous  occasions  [14-15].  The  synthetic 
pathway  in  the  preparation  of  the  final  product  of  interest,  (3)  is  described  in  Scheme  1 
which  involves  two  continuous  synthetic  pathways,  namely  A  and  B. 
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Scheme  1.  Synthesis  of  N-dexyloxyphenyl-N’-(methylbenzoyl)  thiourea  (3). 


2.2  Experimental 

2.2.1  Preparation  of  N-(octyloxy)phenyl-N’ -(benzene-1 ,3 -dicarbonyl)  thiourea  (3).  A  sus¬ 
pension  of  4-methyl  benzoyl  chloride  (5.8  g,  37.8  mmol)  in  50  ml  acetone  was  added  into 
ammonium  thiocyanate  (2.9  g,  37.8  mmol)  in  50  ml  acetone  to  give  off-white  solution.  The 
solution  was  stirred  at  room  temperature  for  4  hours,  followed  by  addition  of  4-decyloxy 
aniline  (9.4  g,  37.8  mmol).  After  stirring  for  another  1  hour,  the  colour  of  the  solution 
turned  from  off-white  to  white.  After  adjudged  completion  by  thin  layer  chromatography 
(hexane:  dichloromethane)  (2:3  ratio),  the  reaction  mixture  was  cooled  to  room  temperature 
and  filtered.  The  off-white  filtrate  was  added  with  3-5  ice  cubes  and  filtered  to  obtain  white 
precipitate.  The  white  precipitate  was  then  recrystallized  from  methanol  to  afford  the  white 
crystalline  solid  of  the  title  compound,  3  (4.5  g,  10  mmol,  65%).  1R  v(N-H)  3307,  v(C  = 
O)  1673,  v(C  =  S)  830  cm-1.  *H  NMR:  8  0.91  (t,  /Hh  =  7  Hz,  3H,  CH3),  1.30-1.84  (m, 
16H,  8  x  CH2),  2.47  (s,  3H,  CH3),  3.98  (t,  JHli  =  6  Hz,  2H,  CH2),  6.96  (pseudo-d,  /HH 
=  9Hz,  2H,  C6H4),  7.37  (pseudo-d,  JHH  =  8Hz,  2H,  C6H4),  7.58  (pseudo-d,  JHH  =  9Hz, 
2H,  C6H4),  7.82  (pseudo-d,  7Hh  =  8Hz,  2H,  C6H4),  9.12,  12.47  (2  x  s,  1H,  NH).  13C  {H} 
NMR:  3  14.14,  21.70  (CH3),  21.70-31.91  (8  x  CH2),  68.26  (CH2-0),  128.80  -  157.88  (s, 
CH),  1 14.63,  125.79,  128.90,  130.38  (C6H4),  166.87  (s,  C  =  O),  178.71(s,  C  =  S).  Found: 
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Table  1.  The  main  electronic  absorption  data  of  1,  2  and  3 

X  (nm)  (absorbance,  extinction  coefficient,  s  (M-1  cm-1) 


Compounds  Band  1  Assignment  Band  2  Band  3  Assignment 


1 

251.1  (0.541, 
76607.0) 

71  - 

->7T* 

278.8  (0.0543, 
6368.0) 

— 

71  - 

->jr* 

2 

225.2  (0.658, 
83416.0) 

71  ~ 

-+7T* 

276.0(0.1001, 

10323.0) 

283.0  (0.0845, 
9472.0) 

71  ~ 

->7T* 

3 

238.0  (0.583, 
80217.0) 

71  — >1 T* 

276.2  (0.0622, 
8684.0) 

281.2(0.1241, 

12973.0) 

Mixed  n—> 

TT  ->7 r* 

C,  70.37;  H,  7.29;  N,  6.29;  S,  7.53%.  C25H34N2O2S  requires:  C,  70.22;  H,  7.67;  N,  6.55; 
S,  6.86%. 


3.  Results  and  Discussion 

3.1  UV-Visible  Analysis  of  1,  2  and  3 

All  synthesized  compounds  (1,  2  and  3)  contain  aromatic  systems  which  is  responsible 
for  7r->7r*  transition  which  typically  contributed  by  primary  and  secondary  bands  phenyl 
rings. 

The  distinctive  bands  of  these  compounds  were  observed  at  around  201-210  nm  (f  = 
9178  to  117375  M-1)  and  220-270  nm  ($  =  9178  to  1 121995  M“')  which  can  be  assigned 
as  7r->7r*  transition.  Recent  evidence  suggests  that  the  absorptions  shifted  strongly  to 
7r->7r*  transition  at  lower  wavelengths  and  molar  absorptivity  influenced  by  the  inductive 
effect  interaction  between  the  phenyl  ring  and  carbonyl  groups  [16-18].  Additionally, 
substitution  on  phenyl  ring  by  auxochrome  namely  -NH  and  -CH3,  substituents  groups 
in  these  synthesized  compounds  can  cause  bathochromic  and  hyperchromic  shifts  in  the 
spectra.  However,  it  can  be  seen  that  the  secondary  bands  contributed  by  phenyl  rings 
were  overlapped  with  carbonyl  groups.  Whilst,  the  transition  for  the  primary  and  secondary 
bands  also  appeared  strongly  perturbing  by  the  chromophores  of  methanol  solvent  which 
arise  ca.  201-230  nm  (Fig.  2)  (Table  1). 

The  band  occurs  in  the  region  from  220-270  nm  (£  =  9178  to  1121995  M-1  cm-1) 
resulting  from  the  n— >n*  and  tt  ->  tt  *  transitions  could  be  due  to  the  lone  pair  of  electrons 
on  the  oxygen  of  C  =  O.  These  transition  shifts  to  longer  wavelength  are  attributed  to  the 
conjugation  between  of  carbonyl  groups  participate  in  resonance  with  the  rings  which  is 
presumably  due  to  n^-ir*  transition  of  the  carbonyl  group  and  tt -> tt *  transition  of  the 
carbonyl  group  and  the  aromatic  ring. 

On  the  other  hand,  the  presence  of  auxochromes  -NH  as  electron  donating  attached 
to  carbonyl  and  thione  in  these  compounds  which  leads  to  the  bathochromic  shifts  on  the 
n-»7r*  and  tt  — >  tt  *  transitions  at  ca.  220-238  nm.  These  characteristics  are  might  be  due 
to  the  inductive  effect  of  nitrogen  which  withdraws  electrons  from  the  carbonyl  and  thione 
carbon  using  the  lone  pair  electrons  on  the  oxygen  and  sulphur  atom  to  be  more  held 
tightly  through  bound  electrons  between  each  other.  Three  bands  in  these  compounds  are 
also  affected  by  the  polarity  of  the  solvents  increase  in  the  «-»7r*  and  jt->tt*  transitions 
undergo  bathochromic  shift  [16-17,  19],  These  transition  shifts  to  longer  wavelength  or 
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Table  2.  Result  for  three  types  of  energy  band  gaps  between  different  transitions  for  3 


Af  a  °f  the  max 
population  to  the  max 

Af  b  of  the  largest 

A§c  of  the  lowest 

population,  eV 

transition,  eV 

transition,  eV 

4.49  (A. max  =  276  nm) 

4.86  (kupp  =  255  nm) 

4.04  (kiow  =  307  nm) 

4.43  (A.max  =  280  nm) 

4.79  (X  upp  =  259  nm) 

3.76  (kiow  =  376  nm) 

lower  energy  in  polar  solvent  because  the  transitions  have  polar  excited  state  which  was 
stabilized  by  hydrogen  bonding. 

All  these  compounds  give  rise  to  three  absorption  bands  which  were  assigned  as  a 
mixture  of  n—^jr*  and  tt—> tv*  transitions.  The  methyl  substituent  on  phenyl  ring,  the 
presence  of  auxochromes  -NH  interaction  at  chromospheres  C  =  O  and  C  =  S,  and  solvent 
effect  may  generate  a  bathochromic  effect  in  these  spectra.  Furthermore,  the  energy  band 
gap  also  can  be  calculated  using  these  UV  spectra.  For  these  system  of  thiourea  molecules 
the  energy  band  gap  is  just  the  different  between  the  non-bonding  V  molecular  orbital  and 
the  anti-bonding  of  ‘jt*’  molecular  orbital  or  in  other  word  between  the  HOMO  and  LUMO 
of  the  system.  For  a  clear  view,  the  types  of  energy  band  gaps  for  n— transition  sketch 
according  to  their  molecular  orbital  energy  level  is  illustrated  in  Scheme  2.  The  energy  of 
the  n— >jr*  transition  is  therefore  between  Af  B  and  A£c,  where  the  maximum  transition  is 
at  A£ a- 

In  order  to  ease  the  understanding  of  the  energy  band  gap  of  the  system,  in  Table  2 
depicts  the  results  of  three  types  of  energy  band  gaps  between  the  maximum  population 
(A£a),  the  maximum  energy  transition  (A§b>  and  the  minimum  energy  transition  (A£c)- 


3.2  Characterization  of  CMC-thiourea  Polymer  Electrolyte,  4 

In  order  to  determine  the  complexation  between  CMC  and  thiourea  compound  (3),  the 
CMC-thiourea  thin  film  was  characterized  via  FT-IR  and  X-Ray  Diffraction  Spectroscopy. 
In  addition.  Electrical  Impendence  Spectroscopy  study  was  done  in  order  to  measure 


Figure  2.  UV-Vis  spectra  for  1,  2  and  3. 
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Scheme  2.  Types  of  energy  band  gaps  for  n-*-Jt*  transition  sketch  according  to  their  molecular 
orbital  energy  levels. 


the  conductivity  of  the  polymer  electrolyte.  Furthermore,  to  support  the  experimental 
results  obtained,  Gaussian  09  Software  was  used  in  order  to  provide  the  theoretical  data 
of  the  physical  parameter.  The  composition  of  the  CMC-thiourea  polymer  electrolyte  is 
abbreviated  as  4  with  film  thickness  was  0.014  cm. 

3.2.1  Fourier  Transform  Infrared  (FTIR)  Spectroscopy  Analysis.  FTIR  analysis  was  car¬ 
ried  out  to  determine  the  complexation  between  CMC  and  thiourea,  3  and  to  prove  the 
conductivity  species  in  the  CMC-thiourea  system.  In  this  task,  carboxymethyl  cellulose 
(CMC)  was  used  as  the  host  whereas  3  was  used  as  the  dopant  material.  Fig.  3  depicts  the 
spectrum  of  pure  CMC  powders  in  the  region  from  700  to  3700  cm-1. 

For  pure  CMC  spectrum,  a  very  strong  absorbance  band  at  3439  cm-1  was  observed 
and  can  be  assigned  to  the  vibrations  of  the  intra-molecular  hydrogen  bond  (v’oh)-  The  peak 
at  2920  cnT1  and  1377  cm-1  were  assigned  to  stretching  and  bending  vibrations  of  the 
C-H  bond  (v>ch  and  <5ch  respectively).  The  strong  peak  at  1605  cnT  1  was  the  stretching 
vibrations  in  the  carboxylic  group  (vcooh)-  Additionally,  a  strong  peak  at  1072  cm-1  was 
assigned  to  bending  vibrations  of  the  ether  (glycosidic)  linkage  (<5c-o-c)- 

In  order  to  determine  and  study  the  complexation  between  CMC  and  thiourea,  the 
FTIR  spectrum  of  thiourea,  3  was  compared  with  FTIR  spectrum  of  CMC-thiourea  polymer 
electrolyte,  (4)  (Fig.  4). 

From  the  spectra  above  clearly,  there  are  slightly  different  at  the  intensity  of  peaks 
of  thiourea  dopant  (3)  with  the  addition  of  CMC.  In  system  4  spectrum,  the  intensity  of 
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Figure  3.  FTIR  spectrum  of  pure  CMC. 


most  peaks  which  represent  the  main  functional  groups  of  thiourea  decreases  due  to  the 
interaction  of  thiourea  compounds  with  the  CMC  to  form  a  new  polymer  electrolytes  thin 
films.  Furthermore,  in  range  3400-3200  cm-1,  there  is  a  new  broad  peak  occurs  in  the 
CMC-thiourea  complex.  This  broad  peak  indicates  the  existence  of  OH  group  in  CMC 
molecules.  To  strengthen  the  assumption,  it  is  also  clearly  shown  in  the  spectra  the  strong 
peaks  at  1700-1670  cm~'  which  indicates  there  is  carboxylic  acid  group  occurs  in  the 
system  [20-22]. 

By  comparing  the  spectra  between  thiourea  dopant  and  CMC-thiourea  complex,  ob¬ 
viously  the  existence  of  strong  peaks  at  1100-1000  cm-1  which  was  claimed  as  C-O-C 
interaction  in  the  system  [23].  Thus,  it  is  proven  that  there  were  interactions  occur  between 
thiourea  dopant  and  CMC  molecules  in  order  to  obtain  the  CMC-thiourea  system  as  poly¬ 
mer  electrolytes.  In  the  sample,  the  interaction  was  detected  at  these  functional  groups  and 
can  be  represented  in  sample  4.  As  shown  in  Fig.  4,  there  is  no  interaction  between  the 
substituent  of  thiourea  compounds  and  CMC.  It  is  also  expected  that  the  interaction  occur 
at  carbonyl  group  (C  =  O)  of  thiourea  compound  with  oxygen  ion  (0-)  of  CMC. 


Figure  4.  Spectra  of  CMC-thiourea  system  (4)  in  comparison  with  its  dopant  (3). 
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Figure  5.  The  Rb  value  obtained  from  the  Cole-Cole  Plot  and  the  Cole-Cole  Plot  of  the  sample 
obtained  using  EIS. 


3.2.2  Conductivity  Studies.  The  sample  of  4  in  the  form  of  thin  film  was  cut  into  four 
pieces  (2  cm  x  2  cm)  and  used  for  analysis  by  using  Electrical  Impedance  Spectroscopy 
(EIS).  The  sample  was  tested  and  the  sample  with  the  highest  ionic  conductivity  was  used 
for  temperature  dependence  study.  From  the  EIS  study  conducted  using  the  HIOKI 3532-50 
LCR  Hi-tester  interfaced  with  a  computer,  the  resultant  Cole-Cole  plot  for  each  sample  was 
obtained.  The  Cole-Cole  plot  is  shown  in  Fig.  5. 

From  the  plots,  it  can  be  found  typical  AC  impedance  spectra  show  two  well  define 
regions;  namely  the  incomplete  semicircle  in  the  high  frequency  and  a  spur  in  the  low 
frequency.  The  appearance  of  semicircle  can  be  explained  by  a  parallel  combination  of 
resistor  and  capacitor.  The  resistor  is  referred  to  the  migration  of  ions  occur  through  the 
free  volume  of  polymer  matrix  and  the  capacitor  is  representing  the  immobile  polymer 
chains,  becoming  polarized  in  the  alternating  field  [24].  The  high  frequency  semicircle  can 
be  related  to  the  ionic  conduction  process  in  the  bulk  of  the  polymer  electrolytes,  the  spectra 
show  spurs  at  low  frequency  is  attributed  to  the  effect  of  electrode  polarization  which  is 
characteristic  of  diffusion  process  followed  by  a  semi-circle  [25].  It  can  be  related  to  a 
charge  transfer  process  [26]  with  Z,-  intercepts  in  the  higher  frequency  range  and  this  can 
attributed  to  the  effect  of  blocking  electrodes. 

Since  the  blocking  electrolytes  have  been  used  in  the  impedance  analysis,  the  elec¬ 
trolyte/electrode  interface  could  be  regarded  as  a  capacitance.  When  the  capacitance  was 
ideal,  it  should  show  a  vertical  spike  in  the  impedance  plot.  When  the  capacitance  was  ideal, 
it  should  show  a  vertical  spike  in  the  impedance  plot  [27].  However,  the  spike  inclined  at  an 
angle  (6)  less  than  90°  has  been  found  instead  of  the  vertical  spike  which  may  be  attributed 
to  the  non-homogeneity  or  roughness  of  the  electrolyte/electrode  interface. 

From  the  Cole-Cole  plot,  the  information  of  the  bulk  resistant,  Rb  can  be  obtained  in 
order  to  calculate  the  conductivity  of  the  films.  The  bulk  resistance,  Rb  can  be  retrieved 
from  the  intercept  of  high  frequency  semicircle  and  the  low  frequency  spike  on  the  Z,  -axis 
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Figure  6.  The  values  of  conductivity  of  CMC  and  the  CMC-thiourea  (4). 


and  Equation  (1)  was  used  to  calculate  the  conductivity,  o  of  4  which  is  1.57  x  1 0  7 
Scm-1and  bulk  resistance,  40734  Rb  of  the  sample  at  room  temperature.  The  conductivity, 
a  of  the  CMC-thiourea  polymer  electrolytes  at  room  temperature  is  illustrated  in  Fig.  6. 

The  conductivity  is  depicted  in  Fig.  6  shows  that  by  increasing  the  temperature  it  will 
decrease  the  conductivity  of  the  sample.  The  highest  conductivity  obtained  is  1.57  x  1 0” 7 
SctrT 1  for  3  at  room  temperature.  Then,  as  the  temperature  increases,  the  conductivity 
dropped  and  decreases  until  zero  conductivity  at  373°K.  Therefore,  it  can  be  concluded  that 
4  gave  higher  conductivity  value  than  pure  CMC  polymer  electrolytes  which  strongly  due 
to  the  effect  of  methyl  substituent  as  electron  donor  in  3. 


Figure  7.  The  expected  molecular  structure  of  the  CMC-thiourea  complex  (4). 
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Table  3.  Mulliken  effective  charges  on  selected  oxygen  and  sulfur  atoms  of  thiourea  and 

the  Na+  to  oxygen  distances 


Mulliken  charges 

Calculated  distances 

Thiourea 

derivative 

O  (C  =  O 
amide) 

S  O  (alkoxy) 

Distance  of 

Na+  to  O  =  C,  A 

Distance  of 
Na+  to  -0-,  A 

3 

— 0.540[2] 

-0.277  — 0.530[4] 

2.2393 

2.3137 

3.3  Theoretical  Studies 

The  dopant,  synthesized  alkoxy  thiourea  (3)  and  CMC-thiourea  system  as  polymer  elec¬ 
trolyte  (4)  were  optimized  to  the  minimum  potential  energy  using  Gaussian  09  quantum 
mechanical  software  package  at  the  theoretical  level  of  DFT  (B3LYP)/6-31G  (d,p).  From 
this  computational  study,  we  believed  that  the  methyl  substituent  of  thiourea  affects  the 
conductivity  and  thermodynamic  properties  of  the  complexes. 

In  order  to  predict  the  molecular  structure  of  the  complex  between  thiourea  and  CMC, 
the  Mulliken  charges  values  are  measured.  The  Mulliken  charges  values  on  the  selected 
atoms  of  thiourea  derivatives  are  listed  in  Table  3.  Analysis  shows  that  all  the  charges  on 
oxygen  atom  of  C  =  O  amide  was  about  two  times  higher  than  of  sulphur  atom  of  thiourea. 
Slightly  the  same  values  of  charges  were  also  observed  for  oxygen  atoms  of  alkoxy.  For 
methylbenzene  thiourea  derivative  (3)  the  charge  on  oxygen  of  amide  is  —0.540  compared 
to  only  —0.277  for  the  sulphur  atom.  The  value  of  -0.530  is  also  observed  on  the  oxygen 
of  alkoxy.  Due  to  the  higher  negative  value  of  charges  on  oxygen  atoms,  we  believed  that 
the  complexes  were  formed  between  the  COO  Na+  of  CMC  and  the  oxygen  of  amide  as 
a  ‘head’  and  another  COO  Na+  of  CMC  to  the  oxygen  alkoxy  as  a  ‘tail’.  The  predicted 
molecular  structure  of  CMC-thiourea  complex  is  shown  in  Fig.  7. 

An  attempt  also  has  been  made  to  optimize  the  complex  formed  between  thiourea  and 
CMC  using  the  binding  site  of  COO  Na4  to  the  S  (  =  C)  and  another  end  of  COO“Na+ 
to  the  alkoxy  oxygen  but  the  result  obtained  was  unsuccessful.  The  optimization  at  the 
theoretical  level  of  B3LYP/6-31G  (d,p)  ended  with  repulsion  of  the  two  groups  (CMC  and 
thiourea)  where  the  distance  between  the  Na+  to  sulphur  is  2.75  A  which  is  greater  than 
2.40  A  [28]. 

However,  the  optimization  of  the  four  complexes  using  the  oxygen  carbonyl  of  amide 
bonded  to  Na+  (COO-)  resulted  with  a  significant  interaction  where  the  distance  between 
the  two  bonding  are  in  the  range  of  2.23  to  2.26  A  which  is  in  a  good  agreement  with 
Yan  et  al.,  results  [28].  It  can  be  concluded  that  the  complex  between  3  was  formed  by  the 
existence  of  Coulombic  interaction  between  the  Na+  ion  to  the  carbonyl  oxygen  of  amide 
at  one  end  and  to  the  alkoxy  oxygen  on  the  other  hand. 


Table  4.  Total  energy,  HOMO  &  LUMO  molecular  orbital  energies,  energy  band  gap,  and 
dipole  moment  of  thiourea  derivatives 


Thiourea 

derivative 

SCF  energy,  au 

HOMO,  au 

LUMO,  au 

EBG,  eV 

Dipole  moment,  D 

3 

-1631.39160322 

-0.19831 

-0.06516 

3.62 

4.5715 
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Table  5.  Total  energy,  HOMO  &  LUMO  molecular  orbital  energies,  energy  band  gap  and 
dipole  moment  of  the  complexes  formed  between  thiourea  derivatives  and  CMC. 


Complexes 

SCF  energy,  au 

HOMO,  au 

LUMO,  au 

EBG, 

eV 

Dipole  moment,  D 

4 

-4398.02493758 

-0.22344 

-0.09360 

3.53 

5.9319 

3.3.1  The  Prediction  of  Conductivities.  Table  4  and  5  list  the  energy  band  gap 
(HOMO/LUMO)  for  thiourea  derivative  (3)  and  the  complexes  formed  with  CMC  (4) 
evaluated  at  0°K.  It  can  be  observed  that  there  were  significant  changes  occurred  to  the 
energy  band  gaps  of  thiourea  during  the  complexation  with  CMC.  It  was  clearly  seen  that 
there  were  some  reduction  to  the  energy  band  gap  of  methylbenzene  which  is  from  3.62  to 
3.53  eV.  It  is  believed  that  this  change  might  affect  very  much  on  the  conductivity  properties 
of  3  due  to  the  presence  of  methyl  group  in  the  molecular  framework. 

Meanwhile,  in  order  to  determine  the  relation  between  the  substituents  of  thiourea  (3) 
with  the  conductivity,  the  study  of  Ln  x2  f°r  the  first  and  the  second  benzene  rings  in  the 
thiourea  derivative  evaluated  at  the  theoretical  level  of  B3LYP/6-3 1G  (d,p).  As  described  in 
the  literature  [29],  these  squared  of  effective  charge,  /2,  can  be  used  also  in  the  prediction 
of  infrared  intensities.  In  this  study  the  natural  logarithm  of  x2  were  employed  as  a  measure 
of  the  degree  of  delocalisation  among  the  benzene  rings  of  the  thiourea  derivatives.  As  a 
standard,  the  value  of  the  total  Ln  x2  for  the  benzene  ring  evaluated  at  the  same  theoretical 
level  is  -31.  When  there  is  a  substituent  existed  in  the  ring,  these  values  should  increase 
to  a  certain  number  which  represent  how  far  the  electron  delocalisation  deviates  from  the 
aromaticity  of  the  benzene  ring.  It  is  to  our  surprise  to  see  that  the  ranking  of  these  values 
(total  of  Ln  y  2),  especially  the  first  ring,  exactly  were  in  the  same  order  as  experimental 
results  of  conductivities,  Table  6  and  7  list  all  the  values  of  Ln  x2  for  the  first  and  the 
second  benzene  rings  in  the  thiourea  derivative  of  3  evaluated  at  the  theoretical  level  of 
B3LYP/6-31G  (d,p). 

Based  on  these  theoretical  findings,  we  believed  that  the  conductivities  are  depen¬ 
dent  very  much  on  the  delocalization  of  the  first  benzene  ring  of  the  thiourea  derivatives 
combined  with  stabilization  energies  of  the  complexes  with  CMC.  The  stabilization  en¬ 
ergy  is  correlated  very  much  to  the  thermodynamic  properties  and  also  to  the  electrostatic 
interaction  of  Na+  ion  to  the  carbonyl  oxygen  of  amide  group. 


3.3.2  The  Effect  of  Methyl  Substituent  on  the  Stabilization  Energy  of  the  Complexes. 
Besides  conductivity,  the  substituents  of  the  thiourea  (3)  also  affected  the  stabilization 
energy  of  the  complex  (4).  The  total  electronic  energies  of  the  complexes  together  with 
the  value  of  the  two  substituents  (thiourea  and  CMC)  are  listed  in  Table  8.  Stabilization 
energies  were  evaluated  by  taking  the  differences  between  the  SCF  values  of  complexes  to 
their  two  components  in  question,  thiourea  and  CMC. 

As  an  example,  the  stabilization  energy  of  3  was  calculated  by  taking  —4398.02493758 
au.  and  then  subtracted  by  the  total  values  of  —2766.58227671  au.  (CMC)  and 
—  1631.38586838  au.  (thiourea).  The  difference  of  5.6792  x  10“  2  au.  was  then  converted 
to  149.11  kJ/mol  by  multiplying  with  the  factor  of  2625.50.  Results  show  that  methyl  sub¬ 
stituent  formed  a  stable  complexes  with  CMC  with  the  value  of  —  153.8  kJ/mol.  This  result 
is  not  very  far  from  the  reported  values  of  —  1 12  kJ/mol  on  the  complexes  formed  between 
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Table  8.  SCF  energy  of  the  complexes,  CMC  and  thiourea  derivatives  during  complexation 
and  stabilisation  energy  of  the  complexes 


Complexes 

SCF  energy,  au 
(complex) 

SCF  energy,  au 
(CMC) 

SCF  energy,  au 
(thiourea) 

Stabilization 
energy,  kJ/mol 

4 

-4398.02493758 

-2766.58227671 

-1631.38586838 

— 149. 1087[4] 

Na+  and  O-cresol  [28].  Our  results  cannot  be  compared  directly  with  their  findings  due  to 
the  different  number  of  Na+  . . .  O  linkages  and  different  type  of  molecules  involved. 

This  order  of  stabilization  energies  can  be  used  to  explain  why  the  methylbenzene 
complexes  with  CMC  easily  collapse  at  evaluated  temperatures  of  higher  than  33°C. 


4.  Conclusion 

Alkoxy  substituted  thiourea  featuring  methyl  substituent  has  been  successfully  synthesised 
and  characterised  via  typical  spectroscopic  and  analytical  techniques.  In  turn,  CMC- 
thiourea  polymer  electrolyte  system  has  been  successfully  prepared  via  solution  casting 
technique.  Through  computational  chemistry  study  via  Gaussian  09  Quantum  Mechanical 
Software  Package,  the  complex  interaction  was  proven  between  the  COO  “  Na+  of  CMC 
and  the  oxygen  of  amide  and  another  COO  Na+  of  CMC  to  the  oxygen  at  alkoxy.  Besides, 
the  substituent  of  the  thiourea  also  affected  the  conductivity  of  the  complex  due  to  its 
effective  charges  (/2)  of  the  aromatic  portion.  Thus,  the  conductivity  analysis  carried  out 
was  in  the  agreement  of  the  computational  analysis.  Thus,  conclusion  can  be  made  that  the 
synthesized  thiourea  compound  in  this  work  is  potentially  can  used  as  conducting  polymer. 
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